Abstract. In this paper we present a method to robustly detect circular arcs in a line drawing image. The method is fast, robust and very reliable, and is capable of assessing the quality of its detection. It is based on Random Sample Consensus minimization, and uses techniques that are inspired from object tracking in image sequences. It is based on simple initial guesses, either based on connected line segments, or on elementary mainstream arc detection algorithms. Our method consists of gradually deforming these circular arc candidates as to precisely fit onto the image strokes, or to reject them if the fitting is not possible, this virtually eliminates spurious detections on the one hand, and avoiding non-detections on the other hand.
Introduction
Finding circular arcs is one the recurring problems in graphical document interpretation or symbol recognition. The main difficulty with the existing approaches is that they often are of considerable complexity (e.g. Hough-like [1] or feature grouping approaches [2]) sensitive to image quality, line thickness, or rely on a number of user defined parameters or thresholds that make them extremely difficult to apply to generic problems or on heterogeneous document sets.
The approach developed in this paper reduces the set of needed parameters to a minimal set of very elementary and visually significant values and can be applied without prior knowledge of the document set, regardless of line widths, connectedness or complexity. It relies on elementary (3,4)-distance transform skeletonization [3] and segment detection [4] . Unlike extremely efficient methods like [5], ours does not require reasonable segmentation of arcs. This work is tightly related to [6] .
The following section establishes how to determine if a single circular arc is present, provided we have a rough initial guess of its position, and how to robustly detect and locate it using RANSAC (Random Sample Consensus [7] ). Section 3 then explains how to generalize to detecting and localizing any number of circles, without a priori knowledge of their position. The last two sections conclude by eliminating spurious detections and by establishing the limits of the approach.
In this section we address the problem of detecting a circular arc, given an initial estimate of its center (x c , y c ), its radius σ, and its two endpoints p l and p r 1 . This estimate, as we shall see further, can be very approximate. The main goal, in this first stage, is to detect whether or not, an arc is present in the image, near the vicinity of the given parameters.
General Algorithm
We are mainly exploiting the algorithm described in [6], with one major adjunction. The cited method has been developed to identify and locate full circles, and therefore only needs to consider adapting to two variables: the center (x c , y c ), and the radius σ. This is not the case anymore for detecting arcs, since two parameters are added: p l and p r , the left and right endpoints.
The general approach we develop consists of taking the set P = {p i } of all pixels p i lying on the discrete circular arc A 0 defined by (x c , y c ), σ, p l and p r . As in, [6], we define, for each of these pixels p i , the discrete line Δ i , starting at (x c , y c ), and passing through p i . Let q i be the pixel on Δ i that is the closest black pixel to
a therefore is the set of all black pixels closest to the initial estimate A 0 in the direction of the circle radius. Figure 1 gives an illustration of this estimation. Initial guesses are drawn in blue. For each conjectured circle, green pixels are those found at the correct distance from the center, while red ones lie on the radius and are closest to the circle. Now, let C 1 be the best fitting circle over Q 0 a (any criterion can be used, but we are using the Least Median of Squares -cf. section 2.2), and let us generalize the previous step, such that Q
